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74444006 .350 

MASS SPECTROMETERS AND METHODS OF MASS SPECTROMETRY 

5 The present invention relates to mass spectrometers 

and methods of mass spectrometry. 

Ion ^xdes comprising rf-only multipole rod sets 
auch as qxiadrupoles , bexapoles and octopoles are well 
known . 

10 All alternative type of ion guide known as an "ion 

funnel" has recently been proposed by Smith and co- 
workers at Pacific Northwest National Laboratory. An 
ion funnel comprises a stack of ring electrodes of 
constant external diameter but which have progressively 

15 smaller internal apertures. Accordingly, a dc 

volt age /potential gradient must ba applied ' along the 
length of the ion guide in order to urge ions through 
the ion funnel otherwise the ring electrodes would act 
as an ion mirror. 

2 0 A variant of the standard ion funnel arrangement is 

disclosed in Anal. Chem. 2000, 72, 2247-2255 and 
compriaes an initial drift section comprising ring 
electrodes having constant internal diameters and a 
funnel section conipriBing ring electrodes having 
25 uniformly decreasing internal diameters. A dc voltage 

gradient is applied across both sections in order to 

urge ions through the ion fxinnel. 

Ion funnels suffer from a number of problems and 
have not therefore been successfully employed in 

3 0 commercial mass spectrometers to date. 

The application of a dc voltage gradient to the ion 
fxuuiel causes the ion funnel to have a narrow bandpass 
transmission efficiency i.e. the ion funnel may, for 
example, only efficiently transmit ions having mass to 
35 charge ratios ("m/z") falling within a narrow range e.g. 
100 < m/z < 200. Reference is made, for exgimple, to 
Figs. 5A and SB of Anal. Chem. 1998, 70, 4111-4119 
wherein experimental results are presented comparing 



[0005089 25-Apr-01 OSToTI 



25/04 "01 WED 16:52 FAX 01273244244 



F B DEEM 



@C09 




- 2 - 

obgarve<3 mass spectra obtained using axi ion funnel with 
that obtained -using a conventional ion guide. The 
experimental results show that both relatively low m/z 
axid relatively high m/z ions fail to be transmitted by 
5 the ion funnel. Reference is also made to pages 2 24 9 
^nd 2250 of Anal. Chera 2000, 72, 2247-2255 which 
similarly recognises that ion fmmela suffer from an 
undesirably narrow m/z transmission window. 

Another problem with ion funnel ion guides is that 

10 they require both an rf voltage and a dc voltage 

gradient to be applied to the ring electrodes. However, 
the design and manufacture of a reliable power supply 
capable of supplying both an rf voltage and a dc voltage 
gradient which is decoupled from the rf voltage is a 

15 non-trivial matter and increases the overall 
manuf actiiring cost of the mass spectrometer. 

It is therefore desired to provide an in^roved ion 
guide. 

According to a first aspect of the present 

20 invention, there is provided a mass spectrometer as 
claimed in claim 1 . 

The preferred embodiment COinpriseB a plurality of 
ring electrodes wherein most if not all of the ring 
electrodes have substantially the same size and 

25 preferably circular shaped internal apertures. Such an 
arrangement is referred to hereinafter as an "ion 
tunnel" in contrast to ion funnels which have ring 
electrodes with internal apertures which become 
progressively smaller in size. 

30 One advantage of the preferred embodiment is that a 

dc voltage gradient is not and does not need to be 
applied to the ion guide. Accordingly, the ion guide 
according to the preferred embodiment does not suffer 
from a narrow or limited mass to charge ratio 

35 transmission efficiency which is inherent with ion 

funnel arrangements. Furthermore, the resulting power 
supply for the ion guide can be significantly simplified 
compared with that required for an ion funnel thereby 
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aaving coets and increasing reliability. 

An additional advantage of the preferred ion tunnel 
is that it has been foiind to exhibit an approximately 
25% improvement in ion transmission efficiency coirfiared 
5 with a conventional multipole, e.g. hexapole, ion guide. 
""The reasons for this enhanced ion transmission 
efficiency are not fully understood, but it is thought 
that the ion tunnel may have a greater acceptcince angle 
and a greater acceptance area than a comparable 
10 multipole rod set ion guide. 

The preferred ion guide therefore represents a 
significant improvement over other known ion guides . 

Various types of ion optical devices other than a 
ring electrode ion guide are known including multipole 
15 rod seta, Einzel lenses, segmented multipoles, short 

(solid) guadrupole pre/post filter lenses < "stubbies" ) , 
3D quadrupole ion traps comprising a central doughnut 
shaped electrode together with two concave end cap 
electrodes , and linear (2D) quadrupole ion traps 
20 comprising a multipole rod set with entrance and exit 
ring elactrodes. However, such devices should not be 
construed as representing a ring el^ictrodd ion guide 
within the meaning of the present application. 

Preferably, a second rf-only ion guide is disposed 
25 in the second vacuum region, the second ion guide 
comprising a second plurality of ring electrodes. 
Preferably at least 90%, further preferably 100%, of the 
second plurality of ring electrodes have substantially 
the same size internal apertures and/or are arranged and 
3 0 adapted to be maintained at substantially the same dc 

voltage or are connected to a comraon dc voltage supply. 

Preferably, either the first and/or second ion 
guides comprise at least 4, 5, S, 7, 8, 9, 10', 20, 30, 
40, 50, 60^ 70, 80, 90 or 100 ring electrodes. 
35 Preferably, the first ion guide is maintained at 0- 

2 V dc, further preferably O-l V dc, above the dc 
potential of the first differential pumping aperture. 

Preferably, the second ion guide is maintained at 
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0-2 V dc, further preferably 0-1 V dc , above the dc 
potential of the second differential pumping aperture. 

Preferably, the preasure in the first vacuum 
chamber is arranged to be maintained at a pressure 
5 selected from the group comprising: (i) a 0.5 mbar,- (ii) 
^ 0.7 mbar; (iii) ^ 1-0 mbar; (iv) i 1.3 mbar; (v) 2 1.5 
mbar; (vi) i 2.0 mbar; (vii) 2 S.O mbar; (viii) s 10.0 
mbar; (is?) 1-5 robar; (x) 1-2 mbar; and (xi) 0.5-1.5 
mbar. A pressure i 1.0 mbar is particularly preferred. 

10 Preferably, the pressure in said second vacuum 

chamber is arranged to be maintained at a pressure 
selected from the group comprising: (i) lO'^^lO"^ mbar; 
(ii) i 2 X 10"' mbar; (iii) ^ 5 x 10~' mbar; (iv) s 10'^ 
mbar; (v) 10"^-5 x 10"^ mbar; and (vi) 5 X 10"''-10''^ mbar. 

15 A pr^seure in the range 10"'- 10"^ mbar is pajrticularly 
preferred. 

Preferably, the first plurality and/or the second 
plurality of ring electrodes have internal diameters or 
dimensionB selected from the group comprising: (i) s 5.0 
20 mm; (ii) ^ 4.5 mm; (iii) s 4^0 ram; (iv) s 3.B mm; (v) i 
3.0 ram/ (vi) i 2.5 mm; (vii) 3.0 ± 0.5 mm; (viii) ^ 10.0 
mm; (ix) s 9.0 mm; (x) « 8.0 mm; (xi) i 7.0 mm; (xii) i 
6.0 mm,- (xiii) 5.0 ± 0.5 ram; and (xiv) 4-5 mm. 

Preferably,, the length of the first ion guide 
35 and/or the second ion guide is selected from the group 

comprising: (i) a 100 mm; (ii) i 120 mm; (iii) i. 150 mm; 

(iv) 13 0 ± 10 mm; (v) 100-150 mm/ (vi) S 16 0 mm; (vii) S 
180 mm; (viii) £ 200 mm; (ix) 130-150 mm; (x) 120-180 
mm; (xi) 120-140 mm; (xii) 130 mm ± 5, 10, 15, 20, 25 or 
30 30 mm; (xiii) 50-300 mm; (xiv) 150-300 mm; (xv) i 50 mm; 

(xvi) 50-100 mm; (xvii) 60-90 ram; (xviii) i 75 mm; (xix) 
50-75 mm; and (xx) 75-100 mm. 

Preferably, the ion source is an a.tmosphtexic 
pressure ion source such as an Blectrospray ("ES") or 
35 Atmospheric Pressure Chemical lonisation ("APCI") ion 
source. According to a less preferred embodiment, the 
ion source may be a Matrix Assisted Laser Desorption 
lonisation ("MALDI") ion source. 
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Preferably, the mass analyser is either a time-of- 
f light mass analyser, preferably an orthogonal time of 
flight mass analyser or a quadrupole mass analyser. 
According to a less preferred fembodimenti a quadrupole 
5 ion trap may be provided as the mass analyser. 

According to a second aspect of the present 
invention, there is provided a mass spectrometer as 
claimed in claim 14 . 

An ion guide according to the preferred embodiment 
10 may con^arise at least 5, 10, 15, 20, 25, 30, 35, 40, 4S, 
50, 55, SO, 65, 70, 75, 80, 85, 90, 95 or 100 ring 
electrodes. 

According to a third aspect of the present 
invention, there is provided a mass spectrometer as 
15 claimed in claim 16- 

Preferably, the ring electrodes of the first ion 
guide are maintained at substantially the same do 
potential, further preferably 0-1 V dc above the 
potential of the differential pumping aperturs . 
20 Preferably, the ring electrodes of the second ion 

guide are maintained at Substantially the same dc 
voltage, further preferably 0-1 V dc> below the potential 
of the differential pumping aperture. 

According to a fourth aspect of the present 
25 invention, there is provided a mass spectrometer as 
claimed in claim 19. 

According to a fifth aspect of the present 
invention, there is provided a method of mass 
spectrometry as claimed in claim 20. 
30 According to a sixth aspect of the present 

invention, there is provided a mass spectrometer as 
claimed in claim 21. 

Preferably, £ 50%, further preferably a 60%, i. 70%, 
2 80%, 2 90% or 100% of the ring electrodes have 
35 substantially circvilar internal apertures and the 

diameter of the internal apertures is selected from the 
group comprising: (i) 1.0 ± 0.5 mm,- (ii) 2.0 ± 0.5 mm,- 
(iii) 3.0 ± 0.5 mm; (iv) 4.0 ± O.S mm; (v) 5,0 t 0.5 mm; 
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(vi) 6.0 ± 0.5 aun; (vii) 7.0 ± 0.5 mm.; (viii) 8.0 ± 0.5 
mm; (ix) 9.0 ± O.S mm; (x) 10 . 0 ± O.S mm; and (xl) < 10 
mm . 

Pi-eferably, the ion guide has an overall length 
5 selected from the group con^riaing: (i) i lO cm; (ii) 

^0-15 cm; (iii) 13.0 ± 1.0 cm; (iv) 15-20 cm; (v) k 20 
cm; and (vi) cm. 

Preferably, at least a portion of the ion guide is 
maintained in use in a vacuum chamber at a pressure 
10 selected from the group con^jriBing: (i) i 0.1 mbar; (ii) 
s 0.5 mbar; (iii) 2; i-O mbar; (iv) s 1,5 mbar; (v) a 2.0 
mbAXj (vi) £ 2.5 n^r; (vii) £ 3,0 tnbar; (viii) £ 3.5 
mbar; (ix) i 4.0 mbar; (x) S 4.S mbar; (xi) i S.O mbar; 
(xii) 2. 6.0 mbar; (xiii) k 7.0 mbar; (xiv) B.O mbar; 
15 (xv) £ 9.0 mbar; (xvi) a 10 mbar; (xvii) s 20 mbar; and 

(xviii) s 30 mbar. 

According to a eeventh aspect of the present 
invention, there ia provided a method of mass 
spectrometry as claimed in claim 25. 

2 0 According to a eighth aspect of the present 

invention, there ia provided a mass spectrometer as 
claimed in claim 26. 

According to a ninth aspect of the present 
invention, there is provided a mass spectrometer as 
25 claimed in claim 27. 

According to a tenth aspect of the present 
invention, there is provided a mass spectrometer as 
claimed in claim 28. 

According to an eleventh aspect of the present 

3 0 invention, there ia provided a mass spectrometer as 

claimed in claim 29. 

According to a twelfth aspect of the present 
invention, there is provided a mass spectrometer as 
claimed in claim 30. 
35 Accordincr to a thirteenth aspect of the present 

invention, there ia provided a mass spectrometer as 
claimed in claim 31. 

Preferably, the first vacuum chamber is arranged 



[0005089 25B Apr^QI i05 V 011| 



25/04 '01 WED 16:53 FAX 01273244244 



F B DEHN 



@014 



- 7 - 

and adapted to be maintained at a pressure 1 Tubar. 

Preferal^ly, the second vacuum chanober is arranged 
and adapted to be maintained at a pressure 10"^- 10"^ mbar. 
Preferably, the potential difference between the 
5 ion guides ia £ S V dc, further preferably £ 2 V dc, 
further preferably s 1 V dc. 

Preferably, the ring electrodes in an ion guide are 
maintained at eubfitantially the same dc potential . 

Preferably, the ring electrodes are relatively thin 
10 e.g. £ 2 mm, further preferably ^ 3. mm, further 

preferably 0.5 ± 0.2 mm, further preferably 0.7 ± 0.1 mm 
thick. According to a particularly preferred embodiment 
the ring electrodes are between 0.5-0.7 mm thick in 
contrast to multipole rod sets which are typically > lO 
15 cm long. 

Various embodiments of the present invention will 
now be described, by way of escample only, and with 
reference to the accompanying drawings in which: 

Pig. 1 shows a preferred ion tunnel aarrangement ,- 
20 Pig. 2 shows a convent iorial mass spectrometer with 

an atmospheric pressure ion source and two rf hexapole 
ion guides disposed in separate vacuum chambers 

Fig- 3 shows an embodiment of the present invention 
wherein one of the hexapole ion guides has been replaced 
25 with an ion timnel; and 

Fig, 4 shows another embodiment of the present 
invention wherein both hexapole ion guides have been 
replaced with ion tvumels . 

As shown in Fig. 1/ a preferred ion tunnel 15 
30 comprises a plurality of ring electrodes 15a, 15b r 
Adjacent ring electrodes 15a. 15b are connected to 
different phases of an rf power supply. For example, 
the first, third, fifth etc. ring electrodes 15a may be 
connected to the 0° phase supply I6a. and the seconds 
35 fourth, sixth etc. ring electrodes iSb may be connected 
to the 180° phase supply 16b. Ions from an ion source 
pass through the ion tunnel 15 and are efficiently 
transmitted by it. in contrast to ion funnels. 
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preferably all of the ring electrodes 15a, 15b are 
maintained at substantially the same dc 
^A^ltage/potential . Unlike ion traps, blocking dc 
potentials axe not applied to either the entrance or 
5 exit of the ion txinnel . Instead, all the ring 

electrodes are maintained at aubatantially the same dc 
potential during operation, preferably by connecting all 
the ring electrodes to a common dc voltage supply. 

Pig. 2 ahows a conventional mass spectrometer. An 

10 Electrospray ("ES") ion source 1 or an Atmospheric 

Pressure Chemical lonisation <"APCI") 1,2 ion source 
emits ions which enter a firet vacuum chamber 17 pumped 
by a rotary or mechanical pump 4 via a Bample cone 3 and 
a portion of the gas and ions passes through a first 

15 differential pumping aperture 21 preferably maintained 
at BO -12 0V into a second vacuum chamber 18 housing a 
first rf-only hexapole ion guide 6. The second vacuum 
chamber 18 is pumped by a rotary or mechanical pump 7 . 
Ions are transmitted by the first rf-only hexapole ion 

2 0 guide 6 through the second vacuum chamber IS and pass 

through a second differential pumping aperture S into a 
third vacuum chamber 19 pumped by a turbo-molecular pump 
10. The third vacuum chamber 19 houses a second rf-only 
hexapole ion guide 9 . Ions are transmitted by the 
25 second rf-only hexapole ion guide 9 through the third 

vacuum chamber 19 and pass through a third differential 
pumping aperture 11 into a fourth vacuum chamber 20 
which is pumped by a turbo -molecular puinp 14. The 
fourth vacuum chamber 20 houses a prefilter rod set 12/ 

3 0 a first quadrupole mass filter /analyser 13 and may 

include other elements such aa a collision cell (not 
shown) , a second quadrupole mass f ilter/analyser 
together with an ion detector (not shown) or a time of 
flight analyser (not shown) . 
3 5 Fig. 3 illustrates an embodiment of the present 

invention wherein the first hexapole ion guide 6 has 
been replaced with an ion tunnel 15 according to the 
preferred embodiment. The other components of the mass 
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spectrometer axe substantially th.e sAma as described in 
relation to Fig. 2 and hence will not be described 
again. The ion tiMinel 15 exhibits an improved 
transmission efficiency of approximately 25% compared 
5 with using the first hexapole ion guide 6 and the ion 

tunnel 15 does not suffer from as narrow a ra/z bandpass 
transmission efficiency which is inherent with ion 
funnels . An rf-voltage is applied to the ring 
electrodes and the ion tunnel 15 ±3 preferably 

10 maintained at 0-2 V" dc above the dc potential of the 
third differential pumping aperture 11 which is 
preferably at ground (0 V dc) when two (^iiadrupole mass 
filters/analysers are provided in the fourth vacuum 
chamber 20 or around 40-240 V dc if a time of flight 

15 mass analyser is used instead of a second guadrupole 

mass analyser. However, as will be appreciated by those 
skilled in the art the third differential pumping 
aperture may be maintained at other dc potentials. 

As will also be appreciated by those skilled in the 

2 0 art, although an r£ voltage and a dc potential are 

applied to the ring electrodes iSa.lSb, the ion tunnel 
IS is nonetheless referred to as being an "rf-only" ion 
guide since all the ring electrodes iSa, ISb are 
maintained at substantially the same dc potential (in 

25 contrast to a quadnipole mass filter wherein different 
rod electrodes are maintained at different dc 
potentials) . 

In another less preferred (lanil lust rated) 
embodiment, the second hexapole ion guide 9 may be 

30 replaced by an ion tunnel 15' with the first hexapole 
ion guide 6 being maintained. 

Fig. 4 shows a particularly preferred embodiment of 
the present invention wherein both the first hexapole 
ion guide 6 and the second hexapole ion guide 9 have 

35 been replaced with ion tunnels 15,15'. The ion tunnels 
1S,X5' are about 13 cm in length and preferably comprise 
approximately 85 ring electrodes. The ion tunnel 15 in 
the second vacuum chamber IB is preferably maintained at 
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a pressure 1 mbai and is Supplied with an rf -voltage 
at a. frequency - 1 MHz, and the ion tunnel 15' in the 
third vacuum chainber 19 is preferably maintained at a 
pressure of 10"^-10~^ mbar and is supplied with an rf- 
5 voltage at a frequency - 2 MHz. Rf frequencies of 80 0 
TcHz - 3 MEa could also be used for both ion tunnels 
15,15' according to further embodiments of the present 
invention. The individual ring electrodes in each ion 
tunnel 15,15' preferably have a circular aperture which 
10 is approximately 3-5 mm in diameter. 

According to the preferred embodiment if an ion 
tunnel 15' is provided in the third vacuum chamber 19, 
then the ring electrodes 15a, 15b are preferably 
maintained at around 0-2 V dc above the dc potential of 
15 the third differential punning aperture 11 which is 

preferably at either at ground (O V dc) or at 40-240 V 
dc, although according to less preferred embodiments the 
third differential pumping aperture 11 may be 
maintained at other dc potentials. If an ion tunnel 15 
20 is provided in the second vacuum chamber 18 then the 

ring electrodes 15a, 15b are also preferably maintained 
at around 0-2 v dc above the dc potential of the third 
differential pumping^ aperture 11. 
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74444006 .350 
Claims 

5 1. A mass spectrometer comprising: 

a continuous ion source for producing ions; 
a first vacuum chamber comprising a first rf-only 
ion guide comprising a first plurality o£ ring 
electrodes, each ring electrode having an internal 
1 0 aperture ; 

a second vacuum chamber dovmstream o£ said first 
vacuum chamber and separated therefrom by a first 
differential pumping aperture; 

a third vacuxiin chamber downstream of said second 
15 vacuum chamber and separated therefrom by a second 

differential pumping aperture, said third vacuum chamber 
comprising a mass analyser; 
characterised in that: 

at least 90%, preferably 100%, of said first 
20 plurality of ring electrodes have Bubstantially the same 
size internal aperture; and 

at least 90%, pref ejrably 100%, of said first 
plurality of ring electrodes are arranged euad adapted to 
be niBiintained at substantially the same dc voltage or 
25 are connected to a common dc voltage supply. 

2. A mass spectrometer as claimed 1X1 claivn 1, further 
compriaing a second rf-only ion guide disposed in said 
second vacuum region, said second ion guide comprising a 

30 second plurality of ring electrodes. 

3. A mass spectrometer as claimed in claim 2, wherein 
at least 90%, preferably 100%, of said second pliarality 
of ring electrodes have substantially the same size 

35 internal apertures and/or are arranged and adapted to be 
maintained at substantially the same dc voltage or are 
connected to a common dc voltage supply. 
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4. A maES spectrometer claimed in claim 1, 2 or 3 , 
wherein said first and/or second ion guides comprise at 
least 4. 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, SO, 70, 80, 
90 or 100 ring electrodes. 

5. A mass spectrometer as claimed in any preceding 
claim, wherein said first ion guide is maintained at 0-2 
V dc, preferably O-i v dc, above the dc potential of 
said first differential pumping aperture . 



6. A mass spectrometer as claimed in any preceding 
claim when dependent upon claim 2, wherein said Second 
ion guide is maintained at 0-2 V dc, preferably 0-1 V 
dc, above the dc potential of said second differential 

15 pumping aperture. 

7 . A mass spectrometer as claimed in any preceding 
claimj wherein the pressure in said first vacuum chamber 
is selected from the group comprising: CI) a 0.5 mbax; 

20 (ii) a 0.7 mbar; (iii) s 1.0 mbar; (iv) i 1.3 mbar,- Cv) 

a 1,5 mbar; (vi) a 2.0 mbar; (vii) s 5.0 mbar; (viii) i 
10.0 mbar,- (ix) 1-5 mbar; (x) 1-2 mbar,- and (xi) 0,5-1.5 
mbar. 



25 8 . A mass spectrometer as claimed in any preceding 
claim, wherein the pressure in said second vacuum 
chaTiiber is selected from the group comprising: (i) 10""'- 
10"' mbar; (ii) 2 2 x 10'^ mbar; Ciii) 2 5 x 10"^ mbar; 
{iv> i 10"^ mbar; (v) lQ"'-5 X 10"^ mbar; and (vi) 5 X 10" 

3 0 '-10"^ mbar. 



9 . A mass spectrometer as claimed in any preceding 
claim, wherein said first plurality and/or said second 
plurality of ring electrodes have internal diameters or 
35 dimensions selected from the group comprising: (i) s S.O 
mm; (ii) S 4.5 mm; (iii) s 4.0 mm; (iv) £ 3.5 mm; (v) s 
3.0 mm; (vi) £ 2.5 mm; (vii) 3.0 ± 0.5 mm; (viii) <: 10 . 0 
mm; (ix) £ 9.0 mm; (x) s 8.0 mm; (xi) s 7.0 mm; (xii) s 
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6.0 mm; (xlil) 5.0 + 0.5 mm; and (xiv) 4-6 mm. 



10. A mass spectirometer as claimed in any preceding 
claim, wherein the length of said firat ion guide and/or 

5 said second ion guide is selected from the group 

comprising: (i) i 100 mm; (ii) £ 120 mm; (iii) i 150 mm; 
(iv) 13 0 ± ID mm; (v) 100-150 mm; (vi) i 160 mm; (vii) s 
180 mm; (viii) i 200 mm; (ix) 130-150 mm; (x) 120-lBO 
mm; (xi) 120-140 mm; (xii) 130 nun ± 5, iD, 15, 20, 25 or 
10 30 mm; (xiii) 50-300 mm; (xiv) 150-300 ram; (3cv) ^ 50 mm; 

(xvi) 50-100 mm; (xvii) 60-90 mm; (xviii) k 75 mm; (xix) 
50-75 mm; and (xx) 75-iOo mm. 

11 . A maBB apectrometer as claimed in any preceding 
15 claim, wherein said ion source ia an atmospheric 

pressure ion source. 

12. A mass spectrometer as claimed in claim 11, wherein 
said ion source ia an Blectrospray ("ES") ion source or 

20 an Atmospheric Pressure Chemical lonisation ("APCI") ion 
source . 

13. A mass spectrometer as claimed in any preceding 
claim, wheirein said mass analyser is selected from the 

25 group comprising: (i) a time-of -flight mass analyser, 
preferably an orthogonal time of flight mass analyser; 
(ii) a quadrupole mass analyser; and (iii) a quadrupole 
ion trap. 

30 14, A mass spectrometer comprising: 
a continuous ion source; 

an rf-only ion guide provided in a first vacuum 
chamber for transmitting ions without substantially 
trapping said ions in said ion guide; and 
35 a mass analyser provided in a second vacuum chamber 

downstream of said first vacuum chamber; 

characterised in that : 

said rf-only ion guide comprises a plurality of 
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ring- electrodes having substantially the same size 
internal diameter, aperture or aperture area and 
inaintained at substantially the same dc voltage; and 
said first vacuum chamber comprises an entrance 
5 aperture, an exit aperture, and a port connected to a 
vaauum pump and is otherwise substantially gas tight. 

15. A mass spectrometer as claimed in claim 14, wherein 
said ion guide comprises at least 5, 10, 15, 20, 25, 30, 

10 35, 40, 45, 50, 55, 60, 65, 70, 73, 80, 85, 90, 95 or 

100 ring^ electrodes. 

16. A mass spectrometer comprising: 

an ion source, preferably an Electrospray ("ES"), 
15 Atmospheric Pressure Chemical lonisation {"APCI") or 
Matrix Assisted Laser Desorption lonisation ("MAliDI") 
ion source; 

a first rf-only ion guide disposed in a first 
vaciaum chamber pumped by a first vacuum pump, said first 
20 ion guide comprising a plurality of ring electrodes; and 
a second rf-only ion guide disposed in a second 
vacuum chamber pumped by a second vacuum pump, said 
second vacuum chamber being downstream from said first 
vacuum chamber and separated therefrom by a differential 
25 pumping aperture, said second ion guide comprising a 
plurality of ring electrodes. 

17 . A mass spectrometer as claimed in claim IS , wherein 
the ring electrodes of said first ion guide are 

30 maintained at substantially the same dc potential, 
preferably 0-1 V dc above the potential of said 
differential piimping aperture. 

18. A mass spectrometer as claimed in claim 16 or 17, 

3 5 wherein the ring electrodes of said second ion guide are 
maintained at substantially the same dc voltage, 
preferably 0-1 V dc below the potential of said 
differential pumping aperture. 
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IS. A mass spectrometer cortprieing: 
an ion source ; 

a first rf only ion guide disposed in a first 
vacuum chamber, said first ion guide comprising a 
5 plurality of ring electrodes maintained, in use, at 
'subetantially the same do voltage; and 

a second rf only ion guide disposed in a second 
vacuum chamber downstream from said first vacuum chamber 
and separated therefrom by a differential pumping 
10 aperture. 



20, A method of mass spectrometry, compriaing: 
providing a continuous ion Boiorce; 
providing an ion guide for transmitting ions 

15 without STObstantially trapping iona, said ion guide 
comprising a plurality of ring electrodes in a first 
vacuum chamber upstream from a second vacuum chamber 
comprising a mass analyser, at least 90%, preferably 
100%, of said ring electrodes having substantially the 

20 same internal diameter or aperture size; and 
maintaining adjacent ring electrodes at 
substantially the same: dc voltage. 

21. A mass spectrometer, comprising: 
25 a non-pulsed ion source/ 

an ion guide coiaprising a plurality of ring 
electrodes, said ring electrodes being maintained in use 
at substantially the same dc voltage, said ion guide 
being provided in a first vacuum chamber having an 
30 entrance orifice, an exit differential pumping aperture, 
and a vacuum pump port, Eind being otherwise 
Btibstantially gas tight; 

a. second vacuujn chamber downstream from said first 
vacuum chamber and separated therefrom by said 
35 differential pumping aperture; and 

a third vacuum chamber downstream from said second 
vacuum chamber, said third vacuum chamber comprising a 
mass analyser, preferably a time of flight mass analyser 
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or a quadrupole mass analysex. 

22. A mass spectrometer as claimed in cilaini 21, wherein, 
k 50%, preferably s: 60%, s 70%, i 80%, ^ 90% or ioo% of 
5 said ring electrodes have substantially circular 

Internal apertures and wherein the diameter o£ said 
internal apertures is selected from the group 
comprising: (i) 1.0 ± 0.5 mm; (ii) 2.0 ± 0.5 mm; (iii) 
3.0 + 0.5 mm; (iv) 4.0 ±0.5 mm; {v) 5.0 ± 0-5 mm; (vi) 
10 S.O + 0.5 mm; (vii) 7.0 ± 0.5 mm; (viii) 8.0 ± 0.5 mm; 

(ix) 9,0 ± 0.5 ram; (x) 10.0 + 0.5 mm; and (xi) <; 10 ram. 

.23. A mass spectrometer as cla.imed in claim 21 or 22, 
wherein said ion guide haa an overall length selected 
15 from the group comprising: (i) i 10 cm; (ii) 10-15 cm; 

{iii) 13.0 t 1.0 cm; (iv) 15-20 cm; (v) a 20 cm; and 
(vi) 5-2 0 Cm. 

24. A mass spectrometer as claimed in clalni 21, 22 or 
20 23, wherein at least a portion of said ion guide is 
maintained in use in a vacuum chamber at a pressure 
eelected from the group comprising: (i) i. 0.1 inbar; (ii) 
i 0.5 mbar; (iii) i 1.0 mbar; (iv) s 1,5 mbar; (v) s 2.0 
mbar; (vi) a 2.5 mbar; (vii) a 3,0 mbar; (viii) i 3,5 
35 iwbar; (ix) s 4,0 mbar; (x) 2 4,5 mbar; (xi) a 5.0 mbar; 

(xii) £ 6.0 mbar; (xiii) z 7.0 mbar; (xiv) a 8.0 mbar; 
(xv) £ 9,0 mbar; (xvi) i 10 mbar; (xvii) « 20 mbar; and 

(XViii) * 3 0 mbar. 

30 25. A method of mass spectrometry comprising: 
providing a non-pulsed ion source; 
providing an ion guide for guiding ions without 
svibstantially trapping said ions, said ion guide 
comprising a plurality of ring electrodes in a vacuum 
35 chamber, said ion guide having a length L and being 
maintained in said vacuum chamber at a pressure P, 
wherein the pressure -length product p x L is selected 
from the group comprising: (i) 2 1 mbar cm; (ii) a 2 
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rtibar cm; (iii) ^ 5 mbar cm; (iv) s lO mbar ctn; (v) a 15 
mbar cm; (vi) i. 20 mbar Cm; (vii) i 2 5 mbar cm; (viii) i 
3 0 mbar cm; (ix) i 40 mbar cm; (x> a 50 mbar cm,- {xi) s 
60 mbar cm; (xii) i 70 mbar cm; (xiii) £ 80 mbar cm; 
5 (xiv) a 90 mbar cm; (xv) i 100 mbar era; (xvi) z 110 mbar 

cm; (xvii) £ 120 mbar cm; <xvii±) & 130 mbar cm; (xix) i. 
140 mbar cm; (xx) 2: 150 rabar cm; (xxi) k ISO mbax cm; 
(xxii) i 170 mbar cm; (xxiii) a IBO mbar cm; (xxiv) 2 
190 mbar cm; and <XXV) i. 200 mbar cm; and 
lO maintaining i 80%, preferably z 90%, furthex 

preferably 100%, of said ring electrodes at 
substantially the same dc voltage, prefeiredjly 1-12 V dc 
or 40-242 V dc . 

15 26. A mass spectrometer comprising: 

a non-pulsed ion source, preferably an Electrospray 
("ES") or Atmospheric Pressurfe Chemical Ionization 
( " ApCI " > ion source ; 

a first vacuum chamber; 
20 a first ring electrode Idn guide comparising a 

plurality of ring electrodes disposed in said first 
vacuum chamber wher&in' said first ring electrode ion 
guide is arranged to transmit ions without siibst ant i ally 
inducing collisional induced decomposition/dissociation 
25 ("CID") of said Ions, said ring electrodes being 

maintained at substantially the same dc voltage; 

a second vacuum chairber dovmstream of said first 
vacuum chamber and separated therefrom by a differential 
pumping aperture, said first and second vacuum chambers 
3 0 being pumped by separate vacuum pumps; 

a second ion guide disposed in said second vacuum 
chamber, preferably a second ring electrode ion guide; 

a quadrupole or time of flight mass analyser 
disposed downstream of said second ion guide; and 
3 5 wherein said first ion guide is maintained at a 

pressure ^ 1 mbar. 
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27. A mass spectrometear comprising: 

an Electroepray CES") or Atmospheric Pressure 
Chemical lonisation ("APCI") ion source for providing a. 
beam o£ ions; 

5 a first vacuum chamber pumped by a firet. vacuum 

puTfL?> arranged to maintain the pressure in said first 
vacuum chamber at a 1 mbair, eaid first vacuum chamber 
comprising an inlet for receiving ions from said ion 
source £ind housing a first ion guide comprising a first 
10 plurality o£ ring electrodes ; 

means for supplying an rf voltage to said first ion 
guide and for maintaining said first plurality of ring 
electrodes at aubatantially the same dc potential , 
preferably 0-2 V dc; 
15 a second vacuum chamber dovmetream from said first 

vacuum chamber and separated therefrom by a first 
differential pumping aperture, said second vacuum 
chamber pumped by a second vacuum pump arranged to 
maintain the pressure in said second vacuum chamber at 
, 20 10"^- 10"^ mbar, said second vacuum chamber housing a 

second ion guide comprising a second plurality of ring 
electrodes; 

means for supplying an rf voltage to said second 
ion guide and for maintaining said second plurality of 

25 ring electrodes at substantially the same dc potential, 
preferably 0-2. V dc; 

a third vacuum chamber downstream from said second 
vacuum chamber and separated therefrom by a second 
differential pumping aperture, aaid third vacuum chamber 

30 pumped by a third vacuum pump and housing at least a 

first quadrupole mass filter/analyser, a collision cell 
preferably a hexapole colliaion cell, a second 
quadrupole mass filter/analyser and an ion detector. 

35 28, A mass spectrometer comprising: 

an Electrospray ("ES") or Atmospheric Pressure 
Chemical loniaatiofi ("APCI") ion source for providing a 
beam of ions; 
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a first vacuum chamber pumped by a first vacuum 
pump arranged to maintain the pressure in said first 
vacuum chamber at i 1 mbar, said first vacuum chaimber 
comprising an inlet for receiving ions from said ion 
5 source and housing a first ion guide comprising a first 
plurality of ring electrodes, - 

means for supplying an rf voltage to said first ion 
guide and for maintaining said first plurality of ring 
electrodes at substantially the same dc potential, 
10 preferably 40-242 V dc; 

A Bfecond vacuum chaiaber downetream from said first 
vacuum chamber and separated therefrom by a first 
differential pumping aperture , said Second vacuum 
chamber pumped by a second vacuum pump arranged tc 
15 maintain the pressure in said second vacuum chamber at 
10"^-10"^ mbar, said second vacuum chamber housing a 
second ion guide comprising a second plurality of ring 
electrodes; 

means for supplying an rf voltage to said second 
20 ion guide and for maintaining said second plurality of 
ring electrodes at substantially the same dc potential, 
preferably 40-242 V dc; 

a third vacuum chamber downstream from said second 
vacuum chamber and separated therefrom by a second 
25 differential pumping aperture, said third vacuum chamber 
pumped by a third vacuum pump and housing a quadrupole 
mass filter/analyser and a collision cell preferably a 
hexapole collision cell; and 

a fourth vacuum chamber downstream from said third 
30 vacuum chamber, said fourth vacuum chamber housing a 

time of flight mass analyser, preferably an orthogonal 
acceleration time of flight mass analyser, wherein the 
entrance aperture to said fourth vacuum chamber is 
preferably maintained at a dc potential - OV dc . 
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29. A masB spectrometer comprising: 

a Matrix Assisted Laser Desorptioii lonisation 
( "MAliDI " ) ion source 

a first vacuum chamber comprising an ion guide 
comprising i 10 ring electrodes,- and 

A second vacuum chamber downstream of eaid first 
vacuum chamber and separated therefrom by a differential 
pumping aperture, said second vacuum chamber comprising 
an ion guide comprising i 10 ring electrodes * 



30. A mass spectrometer comprising: 

an Electrospray ("ES") ion source; 

a first vacuum chamber comprising an ion. guide 
comprising 2 10 ring electrodes; ajid 
15 a second vacuum Chaitiber downstream of said first 

vacuum chamber and separated therefrom by a differential 
puin:5>ing aperture, said second vacuum chamber comprising 
an ion guide coitiprising i 10 ring electrodes . 

.20 31. A mass spectrometer cornprising: 

an Atmospheric Pressure Chemical lonisation 
("AfCl") ion source ; 

a first vacuum chamber comprising an ion guide 
comprising t 10 ring electrodes; and 
25 a second vacuum chamber downstream of said first 

vacuum chamber and separated therefrom by a differential 
pumping aperture, said second vacuum chamber comprising 
an ion guide comprising i 10 ring electrodes . 

30 32. A mass spectrometer as claimed in claim 29, 30 or 

31, wherein said first vacuum chamber is arranged and 
adapted to be maintained at a pressure i 1 mbar. 

33. A mass spectrometer as claimed in any of claims 2 9^ 
35 32, wherein said second vacuum chamber is arranged and 
adapted to be maintained at a pressure 10"^-10"'' mbar. 



|00O5089.!:j25fApfeO1iO5:/oll 



25/04 '01 WED 16:57 FAX 01273244244 F B DEHN ©028 



- 21 - 

34. A mass spectrometer as claimed in any of claims 29- 

33, wherein the potential difference between ©aid ion 
guides is s 5 v dc, preferably :S 2 V dc, preferably s 1 
V dc. 

35. A mass spectrometer as claimed in any of claims 29- 

34, wherein the ring electrodes in an ion guide are 
maintained at substantially the same dc potential or are 
connected to a common dc voltage supply. 

36. A maao spectrometer as claimed in any of claims 29- 
35 y wherein said ring electrodes are 5 2 nmi. preferably 

s 1 mm, preferably 0.5 ± 0.2 mm, preferably 0.7 ± 0.1 mm 
thick. 
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ABSTRACT 



WA.qg SPKnTROMFTPlffS AW T> METHODS OF _f^S Si&SCTROMBTRY 

5 An ion guide 15; 15' is disclosed corr^rising a 

plurality of ring electrodes 15a, 15b each having 
substantially the ^ame size internal aperture. The ring 
electrodes lSa,15b are maintained at substantially the 
same dc voltage by e.g. connecting them to a common do 
10 voltage supply. According to a particularly preferred 
embodiment two ring electrode ion guides 15,15' are 
provided in two separate vacuum chambers IB, 19. 

[Fig. 4] 
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